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acquire one or more representations of specific objects located within the scene (e.g., Hollingworth, 2006) . It is this last representation that will be the focus of the present studies. As Henderson (1994) has pointed out, objects are represented within at least two representational systems. First, observers maintain a set of longterm ''type'' representations that define general object classes. For example, one might maintain a representation of ''dog'' that describes the properties of such an object, but does so without respect to a specific exemplar of such an object category. In contrast, a ''token'' representation is a relatively temporary representation that describes a specific object that occupies a particular place in time and space (a representation of a particular dog that is currently visible, for example, rather than a representation of dogs in general). Such representations are thought to exist within visual working memory (e.g., Irwin & Andrews, 1996) .
Token representations have been proposed to play a critical role in many aspects of visual cognition. In general, they appear to play a useful role in preserving perceptual continuity across change (e.g., Kahneman, Treisman, & Gibbs, 1992) . For example, Irwin and his colleagues (e.g., Irwin, 1996; Irwin & Andrews, 1996; Irwin & Gordon, 1998) have argued that transsaccadic memory, which is useful for integrating information across eye movements, consists largely of the representation a small number of object tokens. Furthermore, some have argued that scene representations are built up out of representations of individual object tokens (e.g., Hollingworth, 2004) . Thus, in order to understand the representation of complex visual information, it is necessary to understand the representation of object tokens in visual working memory.
A token representation system that has received considerable experimental support is the object file representation proposed by Kahneman and Treisman (1984) . According to Kahneman and Treisman, object files are temporary object representations that are created to integrate and maintain information about specific objects in the environment. As described by Kahneman et al. (1992) , object files integrate an object's perceptual features, but may also include nonperceptual object properties (such as identity; Gordon & Irwin, 1996 , 2000 if those properties can be acquired from the available perceptual information.
According to object file theory, object files play a crucial role in supporting perceptual continuity within and across fixations. On this account, continuity depends on the outcome of three processing stages. When an object is first attended, an object file is created to represent the object's features. When a display change occurs, a correspondence process establishes links between the objects that are currently visible and the object files that were previously created. Establishing these links likely depends on an analysis of simple spatiotemporal display properties (e.g., Kahneman REPRESENTATION OF OBJECT COLOUR 729 et al., 1992; Mitroff & Alvarez, 2007) , although some have recently argued that the correspondence process may, in some cases, be influenced by an object's surface properties (Hollingworth, Richard, & Luck, 2008) . Finally, in the reviewing stage, object file representations are retrieved from memory and compared with their corresponding objects in the new display. When the comparison fails to produce a match between the current object and the object file, a new object file must be created, and responses to the new object are consequently slowed. Kahneman et al. (1992) provided evidence for this role of object files in supporting perceptual continuity using a reviewing paradigm that they developed. This paradigm forms the foundation for the approach used in the present investigation. It is therefore useful to consider the paradigm in detail, and to explain how the paradigm has been used to make inferences about the nature of episodic object representation. In a typical application of the reviewing paradigm, participants initially view a preview display containing two objects (in many cases, square ''frames'') that are equidistant from fixation. A stimulus (typically a letter, picture, or word) is presented within each frame, then the preview stimuli are removed from the display and the frames move continuously to new locations within the display. When the frames stop moving, a single target stimulus is presented within one of the frames. The participant's task is usually to name the target, although in some experiments participants indicate whether the target matches one of the preview stimuli (e.g., Noles, Scholl, & Mitroff, 2005) .
There are typically three target conditions. In the same-object (SO) condition, the target matched the previewed object presented in the same frame; in the different-object (DO) condition, the target matched the preview object in the opposite frame; finally, in the no-match (NM) condition, the target did not match either of the previewed objects. Based on these conditions, Kahneman et al. (1992) described two experimental effects of theoretical interest. A nonspecific preview benefit was defined as the reaction time (RT) difference between the NM and DO conditions, and was thought to reflect general priming from the preview display. Of greater interest was the object-specific preview benefit, defined as the RT difference between the SO and DO conditions. Although responses to the target should benefit in both conditions from previewing the target object, a mismatch between the target and its object file representation should impair performance in the DO condition, relative to the SO condition. The object-specific benefit thus reflects perceptual continuity in the SO condition and a disruption of perceptual continuity in the DO condition.
Considerable work has been done to identify the features that are represented in object files (e.g., Gordon & Irwin, 1996 , 2000 Gordon, Vollmer, & Frankl, 2008; Henderson, 1994; Henderson & Siefert, 2001 ). The general approach has been to manipulate the similarity of the preview and 730 GORDON AND VOLLMER target objects, and examine how changes in some shared feature affect the object-specific benefit. When changing a feature is found not to disrupt perceptual continuity (as indexed by the object-specific benefit), it is concluded that the feature is not part of the object file representation. Henderson (1994) , for example, found that changing the case in which a letter was displayed (e.g., previewing an uppercase ''M'' with a lowercase ''m'') did not reduce the object-specific benefit, and concluded that letter case is not a represented feature. Based on similar findings, Irwin (1996, 2000) argued that object files represent abstract, postcategorical information (such as the object's identity), but do not represent an object's perceptual features.
Using a transsaccadic preview paradigm, Gordon et al. (2008) examined the representation of object orientation in object files. Though different in some respects from the traditional reviewing paradigm, this approach (developed by Henderson and his colleagues; e.g., Henderson & Siefert, 2001 ) shares features of the reviewing paradigm that permit measurement of object-specific benefits. Because object files are thought to play a critical role in transsaccadic integration (e.g., Irwin & Andrews, 1996) , performance in studies using this paradigm likely draws upon the same representation as the more traditional reviewing studies. In the Gordon et al. study, participants began each trial by fixating a fixation cross; a preview display was then presented, consisting of two objects, one above and one below a peripheral fixation cross. The participants were instructed to move their eyes to the peripheral cross as soon as the objects appeared; when the eyes landed, a single target was presented in one of the preview locations. The target object either matched one of the preview objects exactly, or was rotated 608 in depth. As in previous experiments, a significant object-specific benefit was observed. Furthermore, the magnitude of this benefit was unaffected by a change in the object's orientation.
Although this result is consistent with Gordon and Irwin's (2000) claim that object file representations are abstract, other data seem to contradict this conclusion. In an additional experiment, for example, the preview objects were presented closer to fixation; under such conditions, changes in an object's orientation did reduce object specific preview benefits (as had been reported by Henderson & Siefert, 2001 ). Gordon et al. (2008) concluded that the extent to which changing an object feature disrupts continuity depends on the quality of the object's representation; moving the object closer to fixation results in a higher quality representation of the object's perceptual features, enhancing the importance of those features to perceptual continuity.
Even when changes to a feature do not disrupt continuity, however, Gordon et al. (2008) note that the feature may nonetheless be represented in visual working memory. For example, participants were asked whether or not the orientation of the target matched its orientation in the preview display.
Because two objects were present in the preview display, accurate performance on this task requires an object-specific representation of the previewed orientation. Although the data from the object-naming task suggested that such information was not represented for objects far from fixation, Gordon et al. found that participants were able to perform this orientation judgement task very accurately for such objects (78.4% correct). These results suggest that object files may indeed routinely represent object orientation, and therefore conflict with the results obtained from the reviewing paradigm. In order to resolve this conflict, Gordon et al. argued for a distinction between what features are represented in object files, and the role of those features in preserving continuity across change.
This argument has resonance in recent interpretations of the marked insensitivity to change that is demonstrated in change blindness studies (e.g., Grimes, 1996; Rensink, O'Regan, & Clark, 1997) . Although change blindness has often been ascribed to a severely impoverished scene representation (e.g., Rensink, 2000) , it has been argued more recently that change blindness results not from a failure to encode scene elements, but from a failure to compare pre-and postchange scene representations (e.g., Angelone, Levin, & Simons, 2003; Hollingworth, 2003; Hollingworth & Henderson, 2002; Mitroff, Simons, & Levin, 2004; Simons, 2000; Zelinsky, 2001 Zelinsky, , 2003 . Gordon et al. (2008) offered a similar account of their data. The results from the explicit judgement task suggest that object files represent orientation (confirming conclusions drawn by Henderson & Siefert, 2001 ). However, even if orientation is represented, changes of orientation will disrupt perceptual continuity only if object orientation plays a role in the comparison process that supports continuity. If the comparison process described by Kahneman et al. (1992) relies only on a comparison of object identities, then orientation change will not produce a mismatch (and disrupt continuity), whether orientation is represented or not. Based on the results from the reviewing paradigm, Gordon et al. concluded that orientation is represented, but only plays a role in maintaining perceptual continuity when the representation is of especially high quality. In other cases, they argued that continuity depends primarily on a comparison of the postchange and prechange objects' identities.
It is possible, however, that other object features may play a role in maintaining perceptual continuity; this may be especially likely if those features are essential to the object's perceptual representation or integral to the object's identity. Orientation is not an example of such a feature, in that it reflects a property of the object's relationship with the observer, rather than a property that is intrinsic to the object itself. That is, orientation is determined by the position of the object and by the position of the observer, and so is not a property of the object per se. In contrast, colour is an intrinsic part of the object, and may therefore be essential to its perception and representation (e.g., Naor-Raz, Tarr, & Kersten, 2003; Tanaka & Presnell, 732 GORDON AND VOLLMER 1999; Tanaka, Weiskopf, & Williams, 2001) . Naor-Raz et al. (2003) , for example, have shown that long-term visual representations of some objects necessarily include colour information, and that colour information is automatically retrieved during the identification of those objects. Given the importance of colour to object type representations, it is likely that colour information is also included in episodic object file representations. In the experiments reported here, we manipulate the colour properties of preview and target objects in a transsaccadic reviewing paradigm, and examine the effects of colour change on measures of object continuity.
EXPERIMENT 1
In Experiment 1 we examined the episodic representation of object colour, and its role in preserving perceptual continuity across a saccade. We did so using a class of objects*letters*that do not have strong associations with any particular colours, in order to determine the importance of colour to episodic object representations, when colour is an arbitrary property of the object. On each trial participants viewed a fixation cross on the left side of the computer screen, and two letters appeared above and below a second fixation cross on the right side of the screen. Participants moved their eyes to the second fixation cross immediately after the letters appeared; during the saccade, the display was changed so that only a single letter was presented in one of the two preview locations when the eyes landed. The subjects then named the target letter as quickly as possible. On some trials the target's colour matched its colour in the initial display; on other trials its colour was different. We then analysed target naming times to measure object-specific preview benefits, and to examine how such preview benefits were affected by a change in colour. If colour is part of the object's representation, and if it plays a role in preserving perceptual continuity, then changing colour across the saccade should reduce or eliminate object-specific preview benefits.
Method
Subjects. Thirty-one undergraduate students at North Dakota State University participated in this study in exchange for course credit. All subjects had normal or corrected-to-normal vision.
Stimuli. The stimuli consisted of 16 letters from the English alphabet. Of these, six (A, N, Q, R, S, and T) were used in practice trials and ten (B, C, D, F, G, H, J, K, M, and P) were used in experimental trials. The average size of the letters was 4.08 vertically and 3.58 horizontally. Letters were presented in one of four colours (blue, green, red, and yellow) against a light grey background.
REPRESENTATION OF OBJECT COLOUR
Apparatus. Stimuli were presented at a resolution of 1024)768 pixels on an NEC MultiSync FP2141SB colour monitor, with a refresh rate of 75 Hz. Participants viewed the screen from a distance of 57 cm with a chinrest to reduce head movement. At this distance, the size of the total display area was 328 vertically and 458 horizontally. The fixation cross located in the centre of the screen, and the saccade target, each had a height and width of 0.68. The distance from the fixation cross to the saccade target was 138. The distance from the saccade target to the centre of each stimulus was 4.68. Although the letters were presented rather far from fixation, the results of this and subsequent experiments confirm that the stimuli could be identified at this eccentricity. Furthermore, as the results confirm, colours are discriminable and able to influence object recognition at eccentricities considerably larger than those used in Experiments 1Á3 (e.g., Naili, Despretz, & Boucart, 2006) .
Participants' eye movements were recorded using a head-mounted EyeLink II eyetracker (SR Research Ltd., Mississauga, Ontario, Canada) configured to sample eye position at 250 Hz. The eyetracker was calibrated at the beginning of the experiment and a drift correction was performed at the start of each trial. Participants responded by speaking into a microphone attached to a voice key (Cedrus SV-1 Smart Voice Key, San Pedro, CA) to provide naming latencies.
Procedure. Participants initiated the trial sequence by focusing on a fixation cross on the left side of the screen and pressing the ''Enter'' key on the keyboard. Following a 500 ms interval, two letters appeared on the right side of the screen, above and below a saccade target (which was identical to the fixation cross). This preview display remained on the screen until a saccade was initiated. A saccade was detected when eye velocity exceeded 308/s or eye acceleration exceeded 95008/s 2 . Across subjects, the mean saccade latency was 247 ms (SD075.1 ms).
During the saccade, the preview display was replaced with a target display that contained a single letter, located either above or below the saccade target. In the same-object (SO) condition, the target letter's identity matched that of the letter presented in the same location in the preview display. In the different-object (DO) condition, the target's identity matched the letter that appeared in the opposite location in the preview display (thus, in the experiments reported here, we manipulate position continuity*whether a preview and target occupy the same spatial location*rather than object continuity per se). Because the no-match condition that has often been used does not yield effects of theoretical interest for the present studies, it was excluded from the design of Experiments 1Á3, as it has been from previous studies (e.g., Gordon et al., 2008) . The colour of the target letter was manipulated as well. When the target appeared, its colour either matched or did not match its colour in the preview display.
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Participants responded by naming the target letter. Reaction time (RT) was measured from the onset of the target until the voice key was triggered. After the participant responded, the experimenter noted whether or not the participant correctly named the target letter. Trials on which the participant spoke too softly to trigger the voice key or triggered the voice key prematurely by making an extraneous noise were excluded from the analyses, but not counted as naming errors. Each subject completed one block of 12 practice trials followed by one block of 160 experimental trials.
Results
Before analysing RTs, the data were trimmed by eliminating RTs greater than 2 s, or those that differed by more than 2.5 standard deviations from that subject's mean RT for that condition (SO or DO) and colour (same or different). These criteria eliminated 5.6% of the trials from analysis. We also eliminated trials containing anticipatory saccades (defined as saccades with latencies less than 50 ms); this criterion eliminated an additional 6.8% of the trials from the analysis. We did not exclude the small number of trials on which the first saccade did not land on the saccade target, because previous research (e.g., Gajewski & Henderson, 2005; Gordon et al., 2008) has indicated that object-specific preview benefits are not contingent upon the landing position of the saccade. The data were then analysed in a 2 (condition))2 (colour) ANOVA.
Mean RTs and error rates are presented in Table 1 . In the analyses that follow, all effects are significant at the .05 level, except as otherwise noted. The results of an ANOVA performed on the RT data revealed a main effect of colour, F(1, 30)06.6, MSE0856, as participants responded more slowly when letter colour changed (M0727 ms) than when it did not change (M0 713 ms). Importantly, there was a significant object-specific preview benefit, F(1, 30)08.2, MSE01004, with participants responding faster in the SO condition (M0712 ms) than in the DO condition (M0728 ms). This effect did not interact with colour change, F(1, 30)B1, MSE0801; the objectspecific preview benefit was as large when letter colour changed (M016 ms) as when it stayed the same (M017 ms). Planned comparisons confirmed that the object-specific preview benefit was significant in both the same-colour, F(1, 30)05.6, MSE0801, and different-colour conditions, F(1, 30)04.7, MSE0801. Because the participants' task was to name highly familiar and discriminable objects, error rates were very low. An ANOVA performed on the error data revealed no effect of colour, F(1, 30)02.8, MSE00.41. There was no object-specific preview benefit, and no interaction of the objectspecific preview benefit with colour change, both FsB1. Thus, there was no indication of a speedÁaccuracy tradeoff that may contribute to the RT results.
Discussion
As expected, we observed a significant object-specific preview benefit in Experiment 1: Participants were faster to name a letter that was previewed within the same frame than to name a letter presented in the opposite frame. Furthermore, changing the colour of the letter had no effect on the magnitude of the preview benefit. Such a result might suggest that colour information is not represented in object files. Alternatively, colour information may be represented, but may not play a substantial role in the processes that underlie object continuity. The results of Experiment 1 support the latter conclusion; although it is true that colour change did not disrupt perceptual continuity, it did produce an overall effect on naming latency. Thus, it appears that, although object-specific colour information is retained, it does not play a role in preserving continuity.
EXPERIMENT 2
The results of Experiment 1 may reflect the unique properties of the letters used as preview and target stimuli. As symbolic objects, letters may represent an unusual case in which colour is an entirely arbitrary object feature. For most observers, for example, it is unlikely that any particular letter is strongly associated with a specific colour. Furthermore, the contours that make up a letter do not represent the surfaces of a concrete object in the real world. Features, such as colour, that typically define real object surfaces may, therefore, play no role in the defining the essential properties of the letter stimuli (Friedman, 1980) . In contrast, colour is an intrinsic part of the surfaces that make up real objects, and of the surfaces depicted in pictorial 736 GORDON AND VOLLMER representations or photographs of objects. In addition, colour is often integral to defining objects in the real world. This is especially true for the class of objects that have typical or diagnostic colours; a banana, for example, is much more likely to be yellow than to be blue or red. Because Naor- Raz et al. (2003) have shown that colour is an essential component of the long-term representation of such objects, colour may play an important role in their episodic representation as well, and in their perceptual continuity across change. This possibility was examined in Experiment 2, in which the stimuli consisted of photographs of real-world objects.
Method
Subjects. Seventy-five undergraduate students at North Dakota State University participated in this study in exchange for course credit. All subjects had normal or corrected-to-normal vision.
Stimuli. The stimuli consisted of 87 colour photographs of common objects (including 12 used exclusively for practice trials and 75 used for experimental trials), taken from the Photo Objects collection (Hemera Technologies, Inc.) and from a database provided by Dr. Michael J. Tarr (http://www.tarrlab.org). These included objects that have a typical or diagnostic colour (which we call diagnostic objects) and those that do not (which we call nondiagnostic objects). Two artificially coloured versions of each object were created; for diagnostic objects, one version was coloured using the object's typical colour, and the other version was coloured using an implausible colour for that object. For nondiagnostic objects, for which a much larger range of colours are possible, both versions were plausibly coloured. The size of the objects varied, but all objects fitted within a 78)78 square. Note that, because of a programming error, there were 38 nondiagnostic objects, but only 37 diagnostic objects, included in the experiment.
In order to confirm the diagnosticity of the objects used in Experiment 2, a separate group of 15 participants completed a norming study. In the norming study, each subject viewed greyscale images of the objects used for the experimental trials in Experiment 2, and typed in the colour that they would expect the object to have in the real world. Analysis of the norming data confirmed that there was much better agreement concerning the colour of diagnostic objects (M087.0%) than the colour of nondiagnostic objects (M054.7%), t(73)07.07, pB.01. Furthermore, when asked to identify the most likely colour for the object, fewer unique responses were offered for diagnostic objects (M02.0) than for nondiagnostic objects (M05.0), t(73)07.56, pB.01. Thus, the results of the norming study confirm the status of our diagnostic and nondiagnostic objects.
Apparatus. Stimuli were presented at a resolution of 1024)768 pixels on an NEC MultiSync FP2141SB colour monitor, with a refresh rate of 75 Hz. Participants viewed the screen from a distance of 57 cm with a chinrest to reduce head movement. At this distance, the size of the total display area was 328 vertically)458 horizontally. The fixation cross located in the centre of the screen, and the saccade target, each had a height and width of 0.68. The distance from the fixation cross to the saccade target was 16.08. The distance from the saccade target to the centre of each stimulus was 5.48. As in Experiment 1, participants' eye movements were recorded using a headmounted EyeLink II eyetracker, and naming latencies were recorded using a Cedrus SV-1 Voice Key.
Procedure. The procedure was essentially the same as that used in Experiment 1; participants began each trial by fixating on a fixation cross, and then made a saccade to a peripheral target cross located between two preview objects when the preview display appeared. Across subjects, the mean saccade latency was 282 ms (SD0107.4 ms). Following the saccade, participants named a single target object that was presented above or below the saccade target. Each subject completed one block of 12 practice trials followed by one block of 150 experimental trials. For each participant, each object appeared in only two trials. Each colour version of each object was used as a target on half of the trials.
Results
Before analysing RTs, the data were trimmed by eliminating RTs greater than 2 s, or those that differed by more than 2.5 standard deviations from that subject's mean RT for that condition (SO or DO), colour (same or different), and diagnosticity (colour diagnostic or nondiagnostic). These criteria eliminated 3.4% of the trials from analysis. We also eliminated trials containing anticipatory saccades (defined as saccades with latencies less than 50 ms); this criterion eliminated an additional 5.5% of the trials from the analysis. The data were then analysed in a 2 (condition))2 (colour))2 (diagnosticity) ANOVA.
Mean RTs and error rates are presented in Table 2 . In the analyses that follow, all effects are significant at the .05 level, except as otherwise noted. Results from the ANOVA conducted on mean RTs revealed a main effect of condition, F(1, 74)031.3, MSE06808. Thus, there was a significant objectspecific preview benefit, with faster RTs in the SO condition (M0985 ms) than in the DO condition (M01023 ms). There were also significant main effects of diagnosticity, F(1, 74)013.2, MSE05425, with faster RTs for nondiagnostic objects (M0993 ms) than diagnostic objects (M01015 ms),
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and colour, F(1, 74)08.2, MSE03948, with faster RTs when the colour of the target matched its previewed colour (M0996 ms) than when its colour changed (M01011 ms). As in Experiment 1, therefore, the results suggest that object colour is represented in object files. Furthermore, this effect did not interact with diagnosticity, F(1, 74)B1, MSE03683, suggesting that object files preserve the colour of objects, regardless of whether or not the colour is diagnostic for the object's identity.
Unlike Experiment 1, colour change significantly disrupted object continuity, resulting in a significant Colour)Condition interaction, F(1, 74)013.5, MSE03909. This interaction reflects the fact that the objectspecific preview benefit was greater when the target's colour matched its previewed colour (M056 ms) than when its colour changed (M019 ms). Thus, the results suggest that object colour plays a role in preserving continuity across saccades, when the stimuli consist of depictions of concrete objects. The results further suggest that the transsaccadic reviewing paradigm is sufficiently sensitive to detect effects of colour change on object continuity, strengthening our conclusion that colour did not play a role in preserving continuity in Experiment 1.
The extent to which colour plays such a role appears to depend on how integral the colour is to defining the object's identity. This is reflected in a significant three-way interaction of condition, colour, and diagnosticity, F(1, 74)05.1, MSE03701. For objects that have a diagnostic colour, colour changes dramatically reduce the object-specific preview benefit; the benefit is 67 ms when object colour is constant, but just 8 ms when the object's colour changes across a saccade. In contrast, colour changes affect the preview benefit less dramatically for objects whose colour is nondiagnostic, reducing the effect from 45 ms in the same-colour condition to 31 ms in the differentcolour condition. Planned comparisons confirmed that the reduction in the object-specific preview benefit was significant for diagnostic objects, F(1, 74)053.0, MSE03701, but not for nondiagnostic objects, F(1, 74)01.1,
MSE03701.
An ANOVA performed on the error data revealed a main effect of diagnosticity, F(1, 74)012.4, MSE00.32, with more errors in naming objects with diagnostic colours (M04.9%) than objects without diagnostic colours (M03.3%). This effect interacted with condition, F(1, 74)07.8, MSE00.29. For nondiagnostic objects, participants made slightly more errors in the DO condition (M03.9%) than in the SO condition (M02.7%). For diagnostic objects, in contrast, participants made more errors in the SO condition (M05.5%) than in the DO condition (M04.3%). None of the other main effects or interactions were significant, all FsB1.
Discussion
As in Experiment 1, the results of Experiment 2 revealed a significant objectspecific preview benefit. Unlike Experiment 1, this benefit was reduced by a colour change across the saccade, suggesting that colour is part of the episodic representation of concrete, real-world objects, and that it plays a role in preserving the perceptual continuity of such objects across change. However, the importance of colour in preserving perceptual continuity appears to apply primarily to the class of objects that have typical or diagnostic colours. For those objects, changing colour disrupts perceptual continuity, eliminating the object-specific preview benefit. In contrast, for objects that are not strongly associated with one colour (or with a very small number of colours), colour changes do not significantly reduce or eliminate object-specific preview benefits, despite evidence that the colour of those objects is represented in visual working memory. The implications of these results are considered in the General Discussion.
EXPERIMENT 3
The results of Experiment 2 suggest that, for objects that have diagnostic or typical colours, colour is part of the episodic object representation and plays a role in preserving perceptual continuity across change. An interesting question is whether the order in which typical and atypical object versions are viewed matters (that is, if colour changes are more disruptive following a typical or atypical colour preview). If an object's typical colour is retrieved from long-term memory and integrated with its object file, then one might expect changes to typically coloured objects to be especially disruptive. On
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the other hand, atypical colours may be particularly salient, and therefore more likely to be represented in object files and to play a role in determining continuity. Alternatively, if the quality of a feature's representation determines its importance to preserving continuity (Gordon et al., 2008) , and if both typical and atypical object colours are represented with high quality (relative to neutral colours), then changes to both should be disruptive.
The design of Experiment 2, in which each object appeared only twice, did not permit a separate analysis of trials in which the preview object was typically or atypically coloured. In Experiment 3, we systematically manipulated preview colour in order to determine whether or not colour changes are more disruptive following a typical or atypical preview, or are equally disruptive in either case.
Method
Subjects. Forty undergraduate students at North Dakota State University participated in this study in exchange for course credit. All subjects had normal or corrected-to-normal vision.
Stimuli. The stimuli consisted of 45 diagnostic object photographs (including the 37 diagnostic object photographs used in Experiment 2). Because Experiment 3 was focused on examining the representation of typical or atypical object colour, we did not include the nondiagnostic objects from Experiment 2. Subsequent analyses revealed that two of the objects were rarely named correctly by our participants, and the analyses we report later therefore exclude trials in which those objects appeared.
Apparatus. The apparatus was the same as in Experiment 2, except that participants' eye movements were recorded using an Eyelink 1000 eyetracker (SR Research Ltd., Mississauga, Ontario, Canada) configured to sample eye position at 1000 Hz. Stimuli were presented at a resolution of 1024)768 pixels on a Viewsonic Graphics Series G225f 21-inch colour monitor, with a refresh rate of 75 Hz.
Procedure. The procedure was essentially the same as that used in Experiment 2; participants began each trial by fixating on a fixation cross, and then made a saccade to a peripheral target cross located between two preview objects when the preview display appeared. In an attempt to reduce the incidence of anticipatory saccades, in Experiment 3 the SOA between the onset of the initial fixation cross and the onset of the preview display was randomly selected on each trial to be either 500, 750, or 1000 ms. Across subjects, the mean saccade latency was 258 ms (SD0108.3 ms). Following the saccade, participants named a single target object that was presented REPRESENTATION OF OBJECT COLOUR 741 above or below the saccade target. Each subject completed one block of 12 practice trials followed by one block of 720 experimental trials. Within each participant, each object appeared in trials representing each combination of preview typicality (typical or atypical preview), colour change (same or different colour), target location (top or bottom), and condition (SO or DO).
Results
Before analysing RTs, the data were trimmed by eliminating RTs greater than 2 s, or those that differed by more than 2.5 standard deviations from that subject's mean RT for that condition, colour, and preview typicality. These criteria eliminated 3.8% of the trials from analysis. We also eliminated trials containing anticipatory saccades (defined as saccades with latencies less than 50 ms); this criterion eliminated an additional 11.1% of the trials from the analysis. The data were then analysed in a 2 (condition))2 (colour))2 (preview typicality) ANOVA. Because preliminary analyses indicated that target location did not interact with the effects of interest in this or other experiments, we did not include it as a variable in the analyses we report later. In order to assess the generalizability of our results to other stimuli, we conducted analyses by items as well as by participants. Analyses by participants are reported below using the subscript ''1'', and analyses by items are reported using the subscript ''2''.
Mean RTs and error rates are presented in Table 3 . In the analyses that follow, all effects are significant at the .05 level, except as otherwise noted. Results from the ANOVA conducted on mean RTs revealed a main effect of condition, and therefore a significant object-specific preview benefit, F 1 (1, 39)07.5, MSE 1 0977, F 2 (1, 42)06.6, MSE 2 01058; participants named targets faster in the SO condition (M0892 ms) than in the DO condition (M0902 ms). There was also a significant main effect of preview typicality, F 1 (1, 39)04.4, MSE 1 01478, F 2 (1, 42)08.2, MSE 2 01757, with faster RTs following typical previews (M0892 ms) than atypical previews (M0 902 ms). The main effect of colour change did not reach significance, F 1 (1, 39)02.0, p.05, MSE 1 0665, F 2 (1, 42)01.1, MSE 2 01181. There was, however, a significant interaction of preview typicality and colour change, F 1 (1, 39)042.0, MSE 1 01067, F 2 (1, 42)017.9, MSE 2 02645. Following a typically coloured preview, RTs are faster when the colour of the object stays the same (M0879 ms) than when it changes (M0907 ms); in contrast, when the preview object was atypically coloured, RTs are faster when the colour changes (M0892 ms) than when it stays the same (M0911 ms). This result likely reflects the fact that objects are named more quickly overall when they appear in their typical colour (e.g., Tanaka & Presnell, 1999) .
GORDON AND VOLLMER
As in Experiment 2, colour change significantly disrupted object continuity, resulting in a significant Colour)Condition interaction, F 1 (1, 39)04.4, MSE 1 0832, which was marginally significant by items, F 2 (1, 42)03.0, pB0.10, MSE 2 01120. This interaction reflects the fact that, as in Experiment 2, the object-specific preview benefit was greater when the target's colour matched its previewed colour (M016 ms) than when its colour changed (M03 ms).
Critically, the extent to which colour change disrupted perceptual continuity did not depend on whether the preview item was typically or atypically coloured; there was no three-way interaction of colour, condition, and preview typicality, F 1 (1, 39)B1, MSE 1 0802, F 2 (1, 42)B1, MSE 2 0 1053. Indeed, the reduction in the object-specific preview benefit was essentially the same for typically coloured preview objects (13 ms) as for atypically coloured preview objects (14 ms). The implications of this result are discussed later.
An ANOVA performed on the error data revealed no main effect of preview typicality, F 1 (1, 39)03.2, MSE 1 01.85, F 2 (1, 42)01.5, MSE 2 0 1.95, or of condition, F 1 (1, 39)02.7, MSE 1 02.33, F 2 (1, 42)01.4, MSE 2 02.27. As was the case for the RT data, there was no significant three-way interaction, F 1 (1, 39)03.1, MSE 1 03.32, F 2 (1, 42)03.4, MSE 2 0 1.49. None of the other main effects or interactions was significant, all FsB1.
Discussion
The results of Experiment 3 replicate the critical finding of Experiment 2: For objects that have diagnostic or typical colours, changing the object's colour during a saccade disrupts perceptual continuity, as reflected by significantly reduced object-specific preview benefits. Furthermore, the results extend those findings by demonstrating that colour change produces this effect regardless of whether the previewed object is depicted in its typical or atypical colour. The implications of these results are considered next, in the General Discussion.
GENERAL DISCUSSION
The purpose of the present study was to examine episodic object representations and the use of those representations in preserving object continuity across change. In Experiment 1, participants viewed a preview display consisting of two coloured letters, then made a saccade to a location between the two preview letters. When the eyes landed, a target letter was presented in either the same or opposite location as its previewed location. Not surprisingly, we obtained an object-specific preview benefit, with faster responses to a target presented in its preview location. On some trials, the target's colour matched its previewed colour, and on other trials it mismatched. Colour changes affected naming time, suggesting that an episodic representation of the preview letter's colour had been preserved, and that this representation influenced responses to the target. Importantly, however, the object-specific preview benefit was unaffected by colour change. This suggests that, even though colour may be preserved as part of an object's representation, it does not play a role in the processes that underlie perceptual continuity.
In Experiment 2, we tested whether this conclusion was limited to stimuli, like letters, whose colour is arbitrary and not reflective of the object's surface properties. We did so by replicating Experiment 1 with two new sets of objects. All of the objects were photographs of concrete, real-world objects (as opposed to the symbolic letter stimuli used in Experiment 1). One set included diagnostic objects that possess typical colours that are diagnostic for that object's identity (such as a banana, whose typical colour is yellow). The other set included nondiagnostic objects (e.g., a car or a pail) that are not strongly associated with a particular colour.
The results of Experiment 2 revealed a significant object-specific benefit for each class of objects. Furthermore, the results suggested that object colour is part of the episodic representation of objects in each set. The results further revealed, however, that colour plays a role in the processes underlying perceptual continuity only for the set of objects that possess a typical or diagnostic colour. Changing the colour of a diagnostic object during a saccade disrupted its perceptual continuity, completely eliminating the object-specific preview benefit; the results of Experiment 3 demonstrated 744 GORDON AND VOLLMER that this is true regardless of whether the object was previewed in its typical or atypical colour. In contrast, changing the colour of a nondiagnostic object did not significantly reduce the preview benefit, suggesting that such a change did not disrupt perceptual continuity. Given that object colour is an essential part of the representation of diagnostic objects (but not of nondiagnostic objects; Tanaka & Presnell, 1999) , the results of the present study are in general agreement with previous findings (e.g., Gordon & Irwin, 1996 , 2000 Henderson, 1994 ) that changes to an object's identity are much more likely to disrupt perceptual continuity than changes that do not alter an object's identity.
Thus, the results suggest that, although episodic representations generally include an object's colour, whether or not colour plays a role in preserving perceptual continuity depends on the nature of the object itself. The critical factor appears to be whether or not colour is critical to defining the object's identity. For diagnostic objects, colour is part of the object's long-term memory representation, and thus constitutes a defining feature that distinguishes the object from other object types (e.g., Tanaka & Presnell, 1999; Tanaka et al., 2001) . In contrast, colour plays a much more limited role in the representation of nondiagnostic objects; it may be useful for discriminating similar objects, but it does not contribute to the identification of the object per se. The results of the present study suggest that these differences in how objects are represented in long-term memory affect the use of their episodic representations as well.
The results of Experiment 3 are especially revealing of the role of long-term memory in episodic representation, and of the process by which colour information comes to influence the maintenance of perceptual continuity. On the basis of the results of Experiment 2, for example, it might be assumed that, to the extent that an object has a defining colour, that colour is routinely retrieved from long-term memory and incorporated with the episodic representation of the object formed from its preview. When the object's colour changes during a saccade, the conflict between its new colour and its colour as represented in visual working memory disrupts perceptual continuity, eliminating the object-specific preview benefits observed in the reviewing paradigm. This may be especially true given that the new colour also conflicts with the object's continuing representation in long-term memory.
The results of Experiment 3 do not fully support this account. Although changing the colour of an object that was previously viewed in its typical colour does disrupt continuity, changing the colour of an object viewed in an atypical colour produces the same effect. This pattern of results is most consistent with a different account, in which the extent to which an object property plays a role in determining continuity is determined by the quality of its representation in visual working memory (e.g., Gordon et al., 2008) . Gordon et al. (2008) , for example, have previously found that the quality of a feature's representation in working memory determines the likelihood that changing the feature will disrupt perceptual continuity. The pattern of results in Experiments 1Á3 suggests that representations of the colour of diagnostic objects may be of especially high quality, whether the previewed colour is typical or atypical. The source of the representation's quality may differ in each case, however. For typical colours, the representation may be strengthened by its match with the object's long-term colour representation. For atypical colours, in contrast, the inconsistency between the object's colour and its long-term representation may make its colour more salient, thereby enhancing its strength as well. For nondiagnostic objects or letters, for which long-term representations do not include object colour, the object's colour is neither salient nor supported by long-term memory, and is therefore less likely to play a role in preserving continuity. Thus, changing the colour of a letter or of a nondiagnostic object is much less likely to disrupt continuity.
Our finding that colour changes disrupt perceptual continuity only for objects that have typical colours appears to be inconsistent with recent work by Hollingworth et al. (2008) . In Experiment 1 of their study, participants viewed a display containing a circular array of differently coloured discs. After fixating the centre of the array, a brief cue drew the eyes to the location of one of the coloured discs. On one-third of the trials, the array shifted during the saccade, so that the eyes landed in a location midway between the targeted disc and another disc. Hollingworth et al. examined the accuracy of the automatic corrective saccade that followed, and found that participants were well above chance at making the corrective saccade to the intended saccade target, rather than to the other coloured disc. On the basis of this and similar results, Hollingworth et al. argued that object colour may be used to establish object correspondence across views. Thus, even for coloured discs (which presumably have no strong association with any particular colour in longterm memory), colour appears to be part of the object's representation, and is compared with the currently visible objects to establish correspondence.
It's worth noting that Hollingworth et al. (2008) addressed the processes that establish correspondence, whereas the present study addressed object file reviewing and comparison that follow correspondence processes. Nonetheless, their results may conflict with our own.
It is possible to reconcile these results, however, by considering factors that may influence the quality of a feature's representation in visual working memory. We have previously described two such factors: Support from representations in long-term memory, and feature salience. Although the representation of a disc's colour in the Hollingworth et al. study is surely not supported by a representation of discs in long-term memory, the second factor*salience*may play a role in producing a high-quality representation 746 GORDON AND VOLLMER of the discs' colour. In their experiment, colour was the defining feature of each object in the array; indeed, it was the only feature (aside from location) that distinguished each disc from the discs that surrounded it. The target disc's colour was therefore its more salient perceptual feature, leading to a highquality colour representation that influences subsequent interactions with the disc. This is in contrast to the coloured letters and nondiagnostic objects used in the present study, both of which have distinguishing characteristics (e.g., shape) that are far more diagnostic of the object's identity than their colour is. Rather than conflicting with the present results, then, the results of Hollingworth et al. (2008) may be seen as converging evidence for the importance of the quality of a feature's representation in determining its influence on perceptual continuity.
The present study is also similar in many respects to a series of experiments reported by . In their experiments, which used a within-fixation preview paradigm similar to that used by Kahneman et al. (1992) , participants responded to one feature of a target stimulus, while a task-irrelevant feature of the stimulus changed between the preview and target display. In one experiment, for example, participants reported whether an emotion portrayed by a target face was also portrayed by one of two preview faces. On some trials, the same face was shown in the preview and target displays; on other trials a different target face (which might nonetheless portray the same emotion) was presented. Their results indicated that object-specific preview benefits were eliminated when the face's identity changed, despite the fact that identity was not relevant for performing the task. Thus, the task-irrelevant stimulus property appeared to be represented in object files, and to play a role in preserving continuity. This was not the case, however, in a subsequent experiment in which the task was to indicate whether or not a simple geometric target shape had been present in the preview display. In this case, the object's colour either matched or did not match its previewed colour. Under such circumstances, a task-irrelevant colour change did not reduce or eliminate the object-specific preview benefit, suggesting that colour was either not included in the object file representation or was included but was not relevant to maintaining continuity.
On the basis of these results, argued that features in object file representations may be stored in either an integral or separable fashion (e.g., Garner, 1974) . Face identity and emotion appear to be represented integrally, whereas, in their experiment, colour and shape are separable. As Noles and Scholl point out, however, whether or not an object's features are stored integrally or separably likely depends on several factors. Among these, they include stimulus complexity, the semantic properties of the stimulus, and the need to process stimuli holistically (as is the case for the faces used in their experiments). Consistent with that, our findings suggest that colour and identity are processed in an integral fashion for some classes of objects*namely, those objects for which colour is part of their semantic representation*but not for other classes of objects. For other objects, colour may nonetheless be represented (as our data suggest), but that representation is separable from the representation of identity and is therefore less likely to influence object continuity processes.
CONCLUSION
The experiments reported here suggest that episodic object representations incorporate representations of object colour. However, whether or not colour representations play a role in preserving perceptual continuity across a saccade depends on the quality of the representation, which is influenced by its salience and by the importance of colour in the object's long-term representation. The results are therefore consistent with our previous work (Gordon et al., 2008) showing that object files represent an object's perceptual features, but that pre-and postchange comparisons of those features are made under only limited circumstances.
